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A versatile source of polarisation entangled photons for quantum network applications
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Laboratoire de Physique de la Matière Condensée, CNRS UMR 7336,
Université Nice – Sophia Antipolis, Parc Valrose, 06108 Nice Cedex 2, France
We report a versatile and practical approach for generating high-quality polarization entangle-
ment in a fully guided-wave fashion. Our setup relies on a high-brilliance type-0 waveguide generator
producing paired photon at a telecom wavelength associated with an advanced energy-time to po-
larisation transcriber. The latter is capable of creating any pure polarization entangled state, and
allows manipulating single photon bandwidths that can be chosen at will over five orders of mag-
nitude, ranging from tens of MHz to several THz. We achieve excellent entanglement fidelities for
particular spectral bandwidths, i.e. 25MHz, 540MHz and 100GHz, proving the relevance of our
approach. Our scheme stands as an ideal candidate for a wide range of network applications, ranging
from dense division multiplexing quantum key distribution to heralded optical quantum memories
and repeaters.
PACS numbers: 03.65.Ud, 03.67.Bg, 03.67.Hk, 03.67.Mn, 42.50.Dv, 42.65.Lm, 42.65.Wi
I. INTRODUCTION
Entanglement served historically as an essential re-
source for testing the foundations of quantum physics,
such as non-locality [1] via the violation of the Bell in-
equalities [2–4]. More recently, entanglement has been
employed as a key ingredient in extended versions of
Bohr’s complementarity notion [5, 6]. Today, quan-
tum information science (QIS) exploits entanglement for
enhanced communication and processing protocols [7].
On one hand, quantum key distribution (QKD), al-
ready commercialized, provides a unique means to es-
tablish private ciphers between distant partners [8]. On
the other hand, various entanglement-enabled network
tasks, such as quantum relays [9], memories [10], and
repeaters [11], are extensively studied in research labora-
tories. State-of-the-art manipulation of entanglement is
achieved using disparate experimental techniques such as
atom traps [12], Josephson junctions [13], and quantum
integrated photonics [14]. System versatility and compat-
ibility stand now as corner stones for pushing QIS one
step further. In the context of photonic entanglement
sources [15–20], we report a remarkably versatile solu-
tion, capable of creating any pure polarisation entangled
state encoded on telecom wavelength photons. Exploit-
ing an advanced energy-time to polarisation observable
transcriber associated with a wavelength tunable high-
brilliance photon-pair generator, we demonstrate excel-
lent entanglement fidelities for spectral bandwidths that
can be chosen over five orders of magnitude. Our scheme
stands an ideal candidate for a wide range of network
applications, ranging from dense division multiplexing
QKD [21] to heralded optical quantum memories [10].
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II. EXPERIMENTAL SETUP AND RELATED
CAPABILITIES
As in classical communication, low-loss optical fibres
and high-performance components based on guided-wave
technologies enable exploiting the telecom C-band wave-
lengths (1530-1565 nm) for generating and distributing
photonic entanglement. Among the most widely used
observables are time-bin and polarisation [7], the latter
being undoubtedly the easiest to analyse. Depending on
the application, many schemes have been developed to
generate photonic polarisation entanglement. Usually,
the photon pairs are generated using the nonlinear pro-
cess of spontaneous parametric down-conversion (SPDC)
in either bulk [17] or waveguide configurations [20], possi-
bly surrounded by an optical cavity for reducing the gen-
erated bandwidth [15, 18]. Among other pertinent gener-
ators, we find dispersion-shifted fibres [22, 23], quantum
dots [24], and alkaline cold atomic ensembles [19, 25].
However up to now, this has been made at the price of
either low brightness [15, 17, 20], limited entanglement fi-
delities [22, 24], or complex equipment [19, 23, 25]. More-
over, none of these realisations has demonstrated versa-
tility, since every new application requires a new adapted
source.
We overcome these problems with the experimental
setup of FIG. 1. It consists of two main stages, namely an
advanced fibre optical energy-time to polarisation tran-
scriber apparatus (a) and a wavelength tunable, high-
brilliance, periodically poled lithium niobate waveguide
(PPLN/W) generator (b). The transcriber is used to
introduce a delay δt between horizontal (|H〉) and ver-
tical (|V 〉) polarisation modes. Sending the diagonally
(|D〉) polarised bi-photon state |ψ〉in = |D〉1 ⊗ |D〉2 =
1√
2
(|H〉1+ |V 〉1)⊗ 1√2 (|H〉2+ |V 〉2), where the subscripts
{1, 2} denote the two incoming photons that may differ
in wavelength and/or in emission time, results in four
temporal output contributions. As shown in FIG. 1(a),
post-selecting temporally the bi-photon zero-delay con-
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FIG. 1. Schematic of the experimental setup. (a) Fibre optical transcriber apparatus. Sending the diagonally polarised bi-
photon state |D〉
1
⊗|D〉
2
= 1√
2
(|H〉
1
+ |V 〉
1
)⊗ 1√
2
(|H〉
2
+ |V 〉
2
), leads to four possible outputs: (i) |V, l〉
1
|V, l〉
2
, (ii) |V, l〉
1
|H, e〉
2
,
(iii) |H, e〉
1
|V, l〉
2
and (iv) |H, e〉
1
|H, e〉
2
, where e and l denote ’early’ and ’late’ temporal modes, respectively. Temporal post-
selection of cases (i) and (iv) generates the desired polarisation entangled state |Φ(φ)〉. (b) High-efficiency photon-pair generator.
A 780 nm laser pumps a PPLN/W to generate paired-photons at the degenerate wavelength of 1560 nm. After passing through
a polarisation controller (PC1), the photons are conveniently filtered to bandwidths ranging from 25MHz to 100GHz, using
standard telecom techniques. (c) Standard polarisation state analysers. Alice and Bob comprise each a half-wave plate (HWP),
a polarising beam-splitter (PBS), and a single-photon detector (SPD). &: AND-gate that connects the two SPDs for recording
coincidence counts between the two users. PZT: piezoelectric transducer fibre stretcher.
tributions (i) and (iv) reduces |ψ〉in to the maximally
entangled state |Φ(φ)〉 = 1√
2
(|H〉1|H〉2 + eiφ|V 〉1|V 〉2
)
,
where φ is twice the relative phase between vertical and
horizontal polarisation modes. A detailed analysis of the
transcriber operation, and its generalization for creating
non-maximally entangled states, are given in Sec. VIIA.
Our transcriber is made of short and long polarisation
maintaining fibres (PMF) connecting two fibre polaris-
ing beam-splitters (f-PBS). The temporal mode separa-
tion, given by the path length difference between the
two arms, is set to δt = 76 ns (δL = 18m). This al-
lows manipulating and further entangling ultra-long co-
herence time (τphotc ) single-photons, i.e. up to 23 ns (↔
19MHz). Compared to previous transcriber-like reali-
sations [26, 27], this represents more than 50 times im-
provement, enabled by an active and high-speed phase
stabilization scheme. It allows accurate and on-demand
phase control of the created entangled states over long
time scales, as discussed in Sec. VIIB.
III. THE INTEGRATED OPTICS WAVEGUIDE
GENERATOR AND RELATED
CHARACTERIZATION
We now connect the transcriber to a 4.5 cm long
PPLN/W photon-pair generator exploiting the so-called
type-0 SPDC process. As shown in FIG. 1(b), the crys-
tal is pumped by a vertically polarised 780 nm continuous
wave laser for creating vertically polarised paired photons
|V 〉1|V 〉2 at an average flux as high as ∼ 1010 pairs per
second and per mW of pump power. Due to the sponta-
neous character of the down-conversion process, the co-
herence time of the pairs corresponds to that of the laser.
To fulfil the transcriber requirement τpairc ≫ δt, the laser
is frequency stabilized against a hyperfine transition in
the D2 line of rubidium, giving a pair coherence time
τpairc = 3µs. As shown in FIG. 2, wavelength degen-
eracy, i.e. 1560 nm, is obtained at the temperature of
387K, and the associated spectral bandwidth is of about
4THz (↔ 32 nm), covering the full telecom C-band of
wavelengths.
In addition, the emission wavelength can be tuned over
more than 100 nm, with respect to the SPDC energy
conservation, by adapting the phase-matching condition
via temperature control. After the PPLN/W, the pairs
are collected using a single mode fibre and sent to the
filtering stage. In this realisation, we use three exem-
plary filters: a standard 100GHz dense wavelength di-
vision multiplexer (DWDM) adapted to standard tele-
com networks [21], a 540MHz phase-shifted fibre Bragg
grating (PS-FBG) compatible with broadband spectral
acceptance quantum memories [28, 29] and continuous-
wave quantum relays [16], and a 25MHz PS-FBG match-
ing much narrower spectral acceptance quantum memo-
ries [30, 31]. This results in a source bandwidth versatil-
ity covering more than five orders of magnitude by simple
filter adaptation. More details on the PS-FBG filters are
3FIG. 2. Wavelength tunability of the photon-pair generator
measured as a function of the temperature. 3K temperature
tuning results in a wavelength tunability of more than 100 nm.
The horizontal line represents the degeneracy point where the
two photons have the same wavelength of 1560 nm, and cor-
responds to the working operation of our experiment. At this
particular point, obtained for a temperature of 387K (vertical
dashed line), the emission bandwidth is of 4 THz.
given in Sec. VIIC. After the filter, polarisation entan-
glement is created by the transcriber, in front of which
a polarisation controller (PC2) is used to rotate the pho-
tons’ polarisation to the diagonal state |ψ〉in = |D〉1|D〉2,
as described above. This condition is necessary for gener-
ating the maximally entangled state |Φ(φ)〉, and therefore
violating the Bell inequalities [2, 3] with optimal visibil-
ities [32].
IV. COINCIDENCE HISTOGRAM FOR THREE
DIFFERENT BANDWIDTHS
To characterize the suitability of the transcriber for
handling narrowband photons, we first measure the time-
dependent two-photon correlation function for the three
filters mentioned above. A 50/50 fibre beam-splitter (BS)
is used to separate and distribute the photons to Al-
ice and Bob, each employing a single-photon detector
(SPD) connected to a coincidence measurement appara-
tus (&). More details on these detectors are provided in
Sec. VIID. As shown in FIG. 3, three well separated
coincidence peaks are obtained for each filter.
The two outer peaks at δt = ±76 ns correspond to
cross polarisation contributions which have been split up
temporally by the transcriber, while the central peak con-
tains the |H〉1|H〉2 and |V 〉1|V 〉2 contributions to the de-
sired entangled state. At this stage, the central-to-side
peak ratio of 2 indicates that all the contributions have
the same probability amplitudes and that maximally en-
tangled states can be post-selected out of the central
peak. For the 100GHz bandwidth, a ∼4 ps photon coher-
ence time is expected, such that the 230 ps peak width is
mainly given by the convolution of the detectors’ timing
jitters. With the two narrowband filters in place, the sin-
gle photons’ coherence time is increased. This leads to a
0 5-5
FIG. 3. Second order intensity correlation measurement after
the transcriber apparatus. The central coincidence peak con-
tains the contributions to the entangled state |H〉
1
|H〉
2
and
|V 〉
1
|V 〉
2
. For all the utilized photon-pair bandwidths, i.e.
100GHz (black curve), 540MHz (red), and 25MHz (blue),
the central peak is well separated from the side peaks that
are associated with paired photons in a separable state. The
current peak separation of 76 ns is sufficient to distinguish cen-
tral and side peaks down to spectral bandwidths of 19MHz.
The right inset is a zoom on the central peak.
peak broadening of 800±20 ps and 15.6±0.7 ns, which is
in good agreement with the specified bandwidths of the
540 and 25MHz filters, respectively.
V. ENTANGLEMENT QUALITY THREE
DIFFERENT BANDWIDTHS
We now examine the quality of the produced entan-
glement at the output of the full setup of FIG. 1. For
state analysis (c), we use a standard Bell inequality type
setup, where Alice and Bob employ each a half-wave
plate (HWP), a polarising beam-splitter (PBS), and an
SPD. We also consider only photon-pair events within the
full-width at half-maximum region of the central coinci-
dence peaks of FIG. 3 for post-selecting the maximally
entangled state |Φ(φ)〉. Violating the Bell inequalities
requires maintaining the coherence of the state, i.e. in
our case stabilizing the phase φ, over the full measure-
ment time [32]. We also stress that, for our extremely
long temporal mode separation, the transcriber is re-
quired to be an advanced system, meaning that a high-
speed (>1 kHz) and high-resolution (∆φ < pi
100
) phase
stabilization scheme is employed. This is detailed and
demonstrated to be remarkably suitable to that purpose
in Sec. VIIB.
In the following, we analyse the state |Φ−〉, obtained
when φ is set to pi in the transcriber. In this case, the
coincidence rate is measured for four standard and con-
secutive analysis settings on Alice’s side, i.e. |H〉, |V 〉,
|D〉, and |A〉, while Bob’s HWP is continuously rotated.
As an exemplary result, we consider the 25MHz filter
and take advantage, for this particular measurement, of
two super-conducting SPDs for reducing accidental co-
incidence events (for more details, see Sec. VIID). As
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FIG. 4. Violation of the Bell inequalities for the state |Φ−〉
with the 25MHz filter. For the four settings on Alice’s side,
excellent raw visibilities are demonstrated when rotating con-
tinuoulsly Bob’s HWP. Lines in the graph represent sinusoidal
fits.
shown in FIG. 4, excellent raw visibilities, of 99±3%, are
obtained for all the four orientations at Alice’s. The cor-
responding Bell parameter is calculated to be Sraw =
2.82 ± 0.02, which leads to a violation of the Bell in-
equalities by more than 40 standard deviations [2, 3].
For the two other spectral bandwidths, i.e. 100GHz and
540MHz, similar high visibilities have been measured.
All the obtained entanglement measurement results and
other pertinent figures of merit are summarized in TA-
BLE I.
VI. CONCLUSION
We have implemented a remarkably versatile experi-
ment towards producing polarisation entangled photons.
The versatility concerns both the created state as well
as the spectral properties of the photons. In other
words, taking advantage of an advanced fibre optical
transcriber connected to a highly efficient waveguide gen-
erator, we can create any pure polarisation entangled
state. Depending on the application, by adapting the
phase-matching condition and the filter, the single pho-
ton wavelength can be tuned over more than 100 nm and
associated spectral bandwidth chosen over more than five
orders of magnitude. We have also achieved remarkable
normalized source brightnesses which stand among the
highest ever reported for narrowband entangled photon-
pairs [15–20]. Analysing the maximally entangled state
|Φ−〉, the Bell inequalities have been violated by more
than 40 standard deviations, for three exemplary filters,
i.e. 100GHz, 540MHz, and 25MHz.
We believe that such a versatile and high-performance
realisation represents an ideal candidate for implement-
ing fundamental quantum optics experiments as shown
in [6], as wall as various quantum network scenar-
ios, ranging from dense division multiplexing QKD
(100GHz to 1THz) to heralded optical quantum mem-
Bandwidth [MHz] 125·103† 540† 25‡
τphot ∗
c
[ns] 4.4·10−3 0.8 15.6
Pump power⋆ [mW] 0.02 0.6 7
n¯
τ
phot
c
>
[ns−1] 5·10−5 2·10−3 2·10−2
Detected pair rate [s−1] 2000 50 6
B [(s·mW·MHz)−1] 960 300 380
Vraw (%) 99.6±1.3 97.1±0.9 99±3
F
|Φ−〉
raw 0.998 0.985 0.995
Sraw 2.82±0.01 2.80±0.02 2.82±0.02
TABLE I. Summary of the entanglement measurements car-
ried out with the source setup of FIG. 1. The main results are
given as a function of the considered spectral bandwidth, and
without any correction for noise contributions (raw); Vraw:
two-photon interference pattern visibility obtained in a stan-
dard Bell inequality test setup; F
|Φ−〉
raw : fidelity to the clos-
est maximally entangled state |Φ−〉; Sraw : corresponding Bell
parameter [2], calculated as introduced by Clauser, Horne,
Shimony, and Holt [3]. ∗ τphot
c
: single-photon coherence time.
⋆ The pump powers are measured in front of the waveguide
generator. > n¯
τ
phot
c
: Mean number of pairs per coherence time.
† For these two configurations, two indium-gallium-arsenide
free-running avalanche photodiodes have been employed as
single-photon detectors (SPD) [33]. ‡ For this configuration,
two super-conducting SPDs have been employed for reducing
accidental coincidence events [33]. Note that the brightness
(B) unit corresponds to the number of pairs of photons cou-
pled in a single-mode fibre, normalized per second, mW of
pump power, and per MHz of spectral bandwidth.
ories (10MHz to 1GHz) [10]. In the latter framework,
our source is already suitable for connection with future
ion or atom based quantum storage devices operating
directly at a telecom wavelength. With current quan-
tum storage devices operating below 900 nm, a coherent
wavelength adaptation, in and out of the memories, can
be addressed by means of non-linear optical frequency
conversion [25, 34, 35].
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5VII. APPENDIX
A. Fibre optical transcriber for producing
maximally and non-maximally entangled states
First consider, at the transcriber input, the diago-
nally polarised bi-photon state |ψ〉in = |D〉1 ⊗ |D〉2 =
1√
2
(|H〉1 + |V 〉1) ⊗ 1√2 (|H〉2 + |V 〉2), where |D〉i rep-
resents the diagonal polarisation state, and the sub-
scripts {1, 2} the two photons that could differ in wave-
length and/or in emission time. After the transcriber,
the state reads |ψ〉out = 1√2
(|H, e〉1 + eiφ1 |V, l〉1
) ⊗
1√
2
(|H, e〉2 + eiφ2 |V, l〉2
)
, where e and l denote early
and late temporal modes, respectively, separated by δt
with a relative phase difference φi, i ∈ {1, 2}. From
the experimental side, separating the paired photons
at a beam-splitter and recording coincidence counts be-
tween two detectors leads to the histogram of FIG. 3.
The operation principle of the transcriber is similar
to that of energy-time entanglement [7]. On one
hand, δt is required to be much greater than the co-
herence time of the single photons (τphotc ) for pre-
venting temporal overlap between pairs projected onto
parallel (|H, e〉1|H, e〉2 or |V, l〉1|V, l〉2) and orthogonal
(|H, e〉1|V, l〉2 and |V, l〉1|H, e〉2) states. On the other
hand, the coherence time of the incident pairs (τpairc )
has to be substantially greater than δt for allowing inter-
ference between early and late two-photon contributions
in the central peak of FIG. 3. Post-selecting these cen-
tral peak events reduces |ψ〉out to the maximally entan-
gled state |Φ(φ)〉 = 1√
2
(|H〉1|H〉2 + eiφ|V 〉1|V 〉2
)
, where
φ = φ1 + φ2.
This scheme can be generalized when considering, at
the transcriber input, a two-qbit product state of the
form |ψ〉in = (α1|H〉1 + β1|V 〉1) ⊗ (α2|H〉2 + β2|V 〉2),
where |αi|2 + |βi|2 = 1. In this case, appropriate post-
selection projects the state onto |ψ〉out = α|H〉1|H〉2 +
βeiφ|V 〉1|V 〉2, where α = α1α2√|α1α2|2+|β1β2|2 and β =
β1β2√
|α1α2|2+|β1β2|2
. Consequently, this scheme permits cre-
ating any pure bi-photon polarisation entangled state,
expressed as superpositions of |Φ+〉 and |Φ−〉 Bell states.
Note that in our case, the three parameters α, β, and φ
are accessible experimentally, namely by controlling the
input state and fine tuning of the phase set in the tran-
scriber. Furthermore, rotating the polarisation of one
photon by pi/2 (using an additional half-wave plate) af-
ter the transcriber, and suitably choosing φ between 0
and pi, allows creating superpositions of |Ψ+〉 and |Ψ−〉
Bell states.
B. Phase stabilization of the transcriber, and
manipulation of the entangled state
Violating the Bell inequalities requires the coherence,
i.e. the phase relation φ between the two contribu-
tions to the entangled state, to be stable during the
full measurement [32]. Phase fluctuations mainly come
from temperature fluctuations in the long arm of the
transcriber. For 18m path length difference, we have
∆φ/∆T ≈ 103 rad/K. Stabilizing the phase via tem-
perature control only would require sub-mK tempera-
ture stability, which is technically challenging, especially
for long-term measurements. On the contrary to former
transcriber-like realisations [26, 27] that relied, at most,
on temperature stabilization, we actively stabilize the op-
tical length of the retardation line using a 50 kHz feed-
back loop system. It comprises a piezoelectric transducer
(PZT) fibre stretcher in the long arm to compensate for
drifts, and a telecom reference laser to constantly moni-
tor the phase. The laser is actively frequency stabilized
with respect to the frequency of the pump laser using
a frequency doubling stage followed by a transfer cavity
locking scheme. A fraction of this laser light is sent to the
transcriber in the backward direction compared to that
of the paired photons. With such a stabilization system,
the phase in the transcriber can be set on demand to
any desired value, and further reconfigured in a very fast
(> 1 kHz) and accurate (∆φ < pi
100
) manner.
To demonstrate our capability to both control and ac-
curately tune the phase φ set in the transcriber, Alice
and Bob fix their respective half-wave plate (HWP, see
FIG. 1) at 22.5◦ to project the entangled state in the
phase sensitive diagonal basis {D,A}. For this particular
measurement, indium-gallium-arsenide (InGaAs) single
photon detectors are employed. Tuning of φ is achieved
by changing the optical path length of the long arm of the
transcriber using the PZT. As shown in FIG. 5, we ob-
tain, as a function of φ, interference patterns in the net
coincidence rates for the three employed filters. Here,
’net’ indicates that accidental coincidence events associ-
ated with the dark counts in the InGaAs detectors have
been subtracted.
The related visibilities are 99.9±1.2, 99.4±1.5, an
97±2% for the 100GHz, 540MHz, and 25MHz, respec-
tively. The corresponding raw visibilities are 99.9±1.2,
97.1±1.2, and 88±2%. Note that the latter raw value is
only limited by the noise in the employed InGaAs detec-
tors (see Sec. VIID). These pertinent results underline
the high phase stability (∆φ < pi
100
) achieved with the
transcriber apparatus, even for long-term measurements.
Furthermore, as outlined in Sec. VIIA, the achieved
accurate phase control enables switching from the |Φ+〉
(φ = 0) to the |Φ−〉 (φ = pi) Bell states (see FIG. 5),
or creating any superpositions of these two states, with
switching speeds of more than 1 kHz.
Eventually note that such a high stability would permit
increasing the PM fibre length from 18m to ∼ 90m, and,
therefore, manipulating single-photons down to ∼ 5MHz
of spectral bandwidth while maintaining high quality en-
tanglement.
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FIG. 5. Coincidence rates as a function the phase φ set in
the transcriber. The black, red, and blue curve represents
the recorded data for the 100GHz, 540MHz, and 25MHz, re-
spectively. For the three curves, accidental coincidence events
due to the dark-counts in the detectors have been subtracted,
leading to the direct observation of net visibilities. The max-
ima and minima of the coincidence rates are associated with
the Bell states |Φ+〉 and |Φ−〉, respectively. Lines in the graph
represent sinusoidal fits.
C. Phase-shifted fibre Bragg grating filters
Phase-shifted fibre Bragg gratings (PS-FBG) are fibre
equivalents to bulk optical cavities. Usually, they are fab-
ricated by inserting a pi phase-shift defect in the middle
of a fibre Bragg mirror. Compared to bulk optical cav-
ities, PS-FBG filters are easy to implement since both
frequency stability (. 1MHz) and accurate tunability
(∆ν/∆T ≈ 200MHz/K) are achieved using basic temper-
ature control. However, narrowband PS-FBGs cannot di-
rectly be applied to polarisation entangled photons, as fi-
bre birefringence would associate polarisation states with
transmitted wavelengths and reduce, as a consequence,
entanglement purity. To avoid this effect, we place the
filtering stage right after the PPLN/W, i.e. where both
photons have the same polarisation state (|V 〉1|V 〉2). Us-
ing a fibre polarisation controller (PC1), the bi-photon
state is oriented along one of the filter’s fibre axis, such
that the two photons experience the same filtering be-
haviour.
In our experiment, we utilize two different PS-FBGs cen-
tred at 1560 nm, one featuring 58% transmission and
540MHz bandwidth (AOS GmbH), and the other, 72%
transmission and 25MHz bandwidth (Teraxion).
In the case of non-degenerate photon-pair emission, a
filtering stage involving two PS-FBGs, arranged in a dual
channel configuration thanks to two standard WDMs,
would be necessary. Note that no further phase stabi-
lization would be required for this arrangement, since it
would be placed before the paired photons are subjected
to the transcriber.
D. Employed single-photon detectors (SPD)
For the measurements displayed in Figures 3 and 5, Al-
ice and Bob employ each a free-running indium-gallium-
arsenide (InGaAs, IDQ-220) avalanche photodiode as
single-photon detector (SPD). Each detector features
20% detection efficiency and 10−6/ns probability of dark-
count. Such a level of dark-count is reasonably low for
recording the data of the experiments associated with
Figures 3 and 5, which are considered as preliminary
characterizations. They are also suitable for measuring
the quality of the produced entanglement when consider-
ing single-photon bandwidths of 100GHz and 540MHz,
that require relatively short integration times for en-
tanglement post-selection as the coincidence peaks are
narrow (see Figure 3). However, utilizing the 25MHz
bandwidth filter requires considerably longer integration
times, thus increasing the probability of detecting a dark
count. This strongly reduces the signal to noise ratio. To
circumvent this problem for the entanglement measure-
ment displayed in FIG. 4, the two InGaAs SPDs are ad-
vantageously replaced by two super-conducting devices
(Scontel TCOPRS-001). Compared to InGaAs SPDs,
their figures of merit are a reduced detection efficiency of
7% but a much lower dark-count probability of 10−8/ns.
A review article on state-of-the-art SPD techniques in
the framework of optical quantum information applica-
tions, reporting advantages and disadvantages of each
system depending on the operation wavelength, has re-
cently been published [33].
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